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(54) Title: CMOS IMAGE SENSOR WITH PIXEL LEVEL A/D CONVERSION 
(57) Abstract 

An image sensor (10) formed using a CMOS 
process is described herein which includes a pixel 
array core (12) of phototransistors whose conduc tiv- 
ities are related to the magnitude of light impinging 
upon the phototransistors. The analog signals gen- 
erated by the phototransistors are converted to a se- 
rial bit stream by an A/D converter connected at the 
output of each phototransistor and formed in the im- - 
mediate area of each phototransistor within the array ADDRESS^ 
core (12). Thus, a separate digital stream for each ; 
pixel element (14) is output from the array core (12), 
and parasitic effects and distortion are minimized. In 
one embodiment, a filter circuit (16) is connected to 
an output of the array core (12) for converting the 
individual digital streams form each pixel element 
(14) to multi-bit values corresponding to the inten- 
sity of light impinging on the phototransistor. 




ROW 
DE- 
CODER 



DETECTOR 
CONVERTER 



M) -i -i • • • 

1/EHTER I 1 | | I 



-14 



22 

0,0) 



22 

u 



22 



RLTERS/MUX 



16 



CONTROL 



26 




BNSOOCID: <WO 95221 80A1> 







FOR THE PURPOSES OF INFORMATION ONLY 






Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 


applications under the PCT. 










AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United Slates of America 


H 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











BNSOOCID: <WO 9S22180A1> 



WO 95/22180 




PCT/US95/01504 



CMOS IMAGE SENSOR WITH PIXEL 
LEVEL A/D CONVERSION 

5 

FIELD OF THE INVENTION 

This invention relates to image sensors for 
converting an optical image into electrical signals, 

10 

BACKGROUND OF THE INVENTION 

An image sensor is used to convert an optical 
image focused on the sensor into electrical signals. 
The image sensor typically includes an array of light 
15 detecting elements, where each element produces a 
signal corresponding to the intensity of light 
impinging on that element when an image is focused on 
the array. These signals may then be used, for 
example, to display a corresponding image on a monitor 

2 0 or otherwise used to provide information about the 

optical image. 

One very common type of image sensor is a charge 
coupled device (CCD) . Integrated circuit chips 
containing a CCD image sensor have a relatively low 
25 yield and are expensive due to the specialized 
processing involved. The CCDs also consume a 
relatively large amount of power. Other well known 
disadvantages exist. 

A much less expensive type of image sensor is 

3 0 formed as an integrated circuit using a CMOS process. 

In such a CMOS type image sensor, a photodiode or 
phototransistor (or other suitable device) is used as 
the light detecting element, where the conductivity of 
the element corresponds to the intensity of light 
3 5 impinging on the element. The variable signal thus 

generated by the light detecting element is an analog 
signal whose magnitude is approximately proportional 

-1- 
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(within a certain range) to the amount of light 
impinging on the element. 

It is known to form these light detecting elements 
in a two dimensional core array which is addressable by 
5 row and column. Once a row of elements has been 

addressed, the analog signals from each of the light 
detecting elements in the row are coupled to the 
respective columns in the array. An analog-to-digital 
(A/D) converter may then be used to convert the analog 
10 signals on the columns to digital signals so as to 

provide only digital signals at the output of the image 
sensor chip. 

It has also been discovered by the Applicants 
that, for large area pixel arrays, the analog signals 
15 generated by each light detecting element are subject 
to varying degrees of parasitic effects such as those 
caused by parasitic capacitances, inductances, and 
resistances. These parasitic effects are difficult to 
control and result in degradation of the 
20 signal-to-noise ratio of the image information. 

Other undesirable features of these prior art 
image sensors include high complexity, severe timing 
restrictions, and high power dissipation. 

What is needed is an inexpensive, but highly 
25 efficient, two dimensional image sensor which produces 
more reliable images. 

SUMMARY 

An image sensor formed using a CMOS process is 
30 described herein which includes a two-dimensional pixel 
array core of phototransistors whose conductivities are 
related to the magnitude of light impinging upon the 
phototransistors. The analog signals generated by the 
phototransistors are converted to a digital signal by 
35 an A/D converter connected at the output of each 

phototransistor and formed in the immediate area of 
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each phototransistor within the array core. A special 
A/D converter using only 22 MOS transistors helps 
enable this configuration. A preferred A/D converter 
generates a serial stream of bits, which can be 
5 eventually filtered outside of the array core to 

determine the relative light intensity impinging on the 
associated phototransistor. Such an A/D converter may 
be a one-bit, first order Sigma-Delta modulator. Thus, 
a separate digital stream for each pixel element is 

10 output from the array core, and parasitic effects and 
distortion are minimized. 

All pixel elements are clocked simultaneously and 
provide digital signals substantially over the entire 
image frame period. Thus, the bit stream output by 

15 each pixel element for one frame period may be long, 
and a high resolution is obtained. 

In one embodiment, an on-chip filter circuit is 
connected to the output of the array core for 
converting the individual digital streams from each 

20 pixel element to, for example, eight-bit values 

corresponding to the intensity of light impinging on 
the phototransistor. In another embodiment, the serial 
bit stream output for each pixel element is transmitted 
off-chip for filtering at a remote location. Other 

25 novel features of the image sensor are also described. 
The image sensor is particularly suitable for use in 
low power and low cost systems such as telephones and 
surveillance cameras. 

3 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block-diagram of a chip containing a 
pixel array core having a dedicated A/D converter in 
the core for each light detector element; 

Fig. 2 is a schematic diagram of a preferred pixel 
3 5 element comprising a phototransistor and an A/D 

converter connected directly to the output of the 
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phototransistor ; 

Figs, 3A and 3B illustrate the clocking of the A/D 
converter in Fig. 2 and the output of the pixel 
element; 

5 Fig, 4 is a block diagram of an actual embodiment 

of the image sensor and sense amplifier configuration. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 illustrates the general principles of the 

10 preferred embodiment. The image sensor of Fig. 1 is 
formed on a single integrated circuit chip 10. 

Image sensor core 12 comprises a two-dimensional 
array of light detecting elements, each connected to a 
dedicated A/D converter which outputs a stream of bits 

15 representative of the analog output of the light 
detecting element. The combination of a light 
detecting element and A/D converter constitutes a 
single pixel element 14 in Fig. 1. Each pixel element 
14 includes identical circuitry, which is shown in Fig. 

20 2. 

In one embodiment, digital filters 16 on chip 10 
are connected to receive the digital streams from each 
pixel element 14 and convert each digital stream to an 
eight-bit byte representative of one of 256 levels of 
25 light intensity detected by the respective pixel 
element 14 . 

In an alternative embodiment, the filtering to 
convert the digital streams output from the core 12 to 
eight-bit values is performed by hardware off-chip or 

3 0 by software using an external microprocessor. Such 
off-chip filtering may be preferable if the image 
signals are to be transmitted over telephone lines or 
by radio waves. In such a case, the original digital 
stream (or a compressed digital stream) generated by 

3 5 each pixel element 14 would be transmitted and the 
filtering performed at the receiving end. 
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In operation, an image is focused on the image 
sensor core 12 such that a different portion of the 
focused image impinges on each pixel element 14. In 
the preferred embodiment, each light detecting element 
5 comprises a phototransistor whose conductivity is 

related to the intensity of light impinging upon the 
base of the phototransistor. The analog current 
through the phototransistor will thus correspond to the 
intensity of light impinging upon the phototransistor. 

10 The analog signals from all phototransistors in the 
core 12 are simultaneously converted into serial bit 
streams output from dedicated A/D converters clocked 
using a common clock driver 18. The serial bit 
streams, over a period of time (i.e., over a frame 

15 period) , can then be processed by filters 16 (on-chip 
or off-chip) to derive a signal representative of the 
intensity of light impinging on the phototransistor. 

After each clock cycle, one bit is latched at an . 
output of each A/D converter within each pixel element 

20 14. To now transfer each bit generated by the pixel 
elements 14 to the filters 16 after each clock cycle, 
each of the rows of pixel elements 14 are addressed in 
sequence, using row decoder 20, until all rows of pixel 
elements 14 have been addressed. Upon addressing each 

25 row, the one-bit output of each pixel element 14 in the 
addressed row is coupled to a corresponding bit line 
22. In one embodiment, there are 64 rows of pixel 
elements 14 and 64 pixel elements 14 in a row, for a 
total of 4096 pixel elements 14 in core 12. Thus, in 

3 0 this single clock cycle and row addressing sequence, a 
complete 64 x 64 array of bits (referred to as a bit 
plane) has been output to filters 16 for processing. 
At the end of a frame period of, for example, 20 A/D 
converter clock cycles, 2 0 complete bit planes have 

35 been output from the array core 12 to the filters 16. 

The filters 16 process the 20-bit stream from each 
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pixel element 14 to generate an eight-bit value per 
pixel element 14 corresponding to the average intensity 
of light impinging on the respective pixel element 14 
for that frame period. These eight-bit values may then 
5 be output from the chip 10, using a suitable 

multiplexer or shift register, and temporarily stored 
in a bit-mapped memory 24. The memory 24 may then act 
as a frame buffer, where the 4096 light intensity 
values in memory 24 are sequentially addressed for 
10 controlling the light output of corresponding pixels in 
a monitor. 

In the particular embodiment of Fig. 1, let us 
assume 64 separate filters 16 are used for converting 
the bit streams output on the 64 bit lines 22 to eight- 

15 bit values. (A multiplexer at the output of the core 
12 may reduce the number of required filters to, for 
example, 16.) The preferred interaction of filters 16 
with memory 24 is as follows. Immediately after a row 
of pixel elements 14 has been addressed, a control 

20 circuit 26, using the address generated by row decoder 
20, fetches a previous (or interim) eight-bit value 
stored in memory 24 for each pixel element 14 in the 
addressed row and loads this previous value into the 
proper one of the 64 filters 16 about to receive a new 

25 bit from that pixel element 14. Conventional memory 
addressing techniques and circuitry may be used for 
this process. The single bit output of the respective 
A/D converters in the addressed pixel elements 14 is 
then applied to a respective one of the 64 filters 16 

30 containing the previous eight-bit value for that pixel 
element 14. Each filter 16 then updates the previous 
eight-bit value with the new single bit of information 
to generate a new interim value. The now updated 
eight-bit value generated by each filter 16 is then 

35 transferred back into memory 24, under control of the 
control circuit 26. 
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When the next row is then addressed, the same 64 
filters now update a different set of eight-bit values 
stored in memory 24. In this manner, one filter 16 per 
bit line 22 in array core 12 is needed as opposed to 
5 4096 filters, one per pixel element 16. Fig. 4 

illustrates the use of a 4 : 1 multiplexer 82 to reduce 
the number of filters needed to sixteen. 

After a frame period, the 4096 eight-bit values in 
memory 2 4 now represent a single frame of the image 

10 sensed by the array core 12. These values may then be 
read out of memory 24 for display or for further 
processing. The pixel elements 14 are then reset to an 
initial state in order to begin outputting a new string 
of bits representing a next image frame. 

15 Since only digital signals are output from each 

pixel element 14, parasitic capacitances on bit lines 
22, and other parasitic effects, have no influence on 
the light intensity values ultimately stored in memory . 
24. This is in contrast to the prior art systems where 

20 analog levels are transferred on output lines of an 

array core, and an A/D converter is provided external 
to the array core either on-chip of off-chip. 

Additionally, since the values stored in memory 24 
reflect the average light intensity impinging on a 

25 pixel element 14 over an entire frame period, a high 
signal-to-noise ratio of the image information is 
obtained. 

Fig. 2 is a circuit schematic of each pixel 
element 14. 

30 Each of the pixel elements 14 are clocked by clock 

driver 18 (Fig. 1) using the same nonover lapping clock 
signals PHI1 and PHI2. The operation of the single 
pixel element 14 in Fig. 2 described below occurs 
simultaneously with the operation of all the pixel 

35 elements 14 in the array core 12. 

In a first step of the operation of the circuit of 
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Fig. 2, conductive bit line 22 is precharged to a 
logical high voltage, using conventional methods 
typically used to precharge bit lines in memory arrays. 
Bias voltages V bbsl and V bias2 are continuously applied. 
5 V bia$1 is set close to the supply voltage V dd to minimize 
power consumption. 

A reset signal is applied to the gate of NMOS 
transistor 28 to turn transistor 28 on so as to 
temporarily connect node 1 of the circuit to V biM2 . The 

10 reset signal is then removed. At this point, the 

circuit is initialized with capacitor CI and bit line 
22 charged to an initial level. 

The shutter signal applied to PMOS transistor 29 
has a duty cycle set to maximize the image signal-to- 

15 noise ratio (SNR) without saturating the data 

conversion circuitry. When PMOS transistor 29 is on, 
the PNP phototransistor 56 is turned off. NMOS 
transistors 30 and 31 are connected as current mirrors 
and act to limit the pull-up voltage applied to the 

20 base of phototransistor 56 when PMOS transistor 29 is 
on. 

Clock pulses PHI1 and PHI2 are the phases of a 
two-phase nonoverlapping clock. Clock signal PHI2, 
when high, controls the latch comprising NMOS 

25 transistors 40 and 41 to freeze for a clock period the 
state of the differential amplifier comprising PMOS 
transistors 42 and 43. Transistors 44 and 45 have a 
constant gate voltage V biasl applied to them and act as 
current sources for the differential amplifier and 

3 0 output stage, respectively. The gate of PMOS 

transistor 42 is coupled to node 1, while the gate of 
transistor 4 3 is coupled to voltage V bia$2 . Hence, if 
node 1 is greater than V bias2 at the time when PHI2 goes 
high, transistor 43 will turn on while transistor 42 

35 will turn off. The latch comprising transistors 4 0 and 
41 will freeze this state for one clock period. 
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The output of the latch is coupled to the gate of 
NMOS transistor 46. In the present example, since node 
1 is assumed to be higher than V bias2 and transistor 43 is 
on, a high voltage will be coupled to the gate of NMOS 
5 transistor 46 to turn on transistor 46. This will pull 
output line 48 low to turn off NMOS transistor 50. 

As seen, the circuitry identified within block 51 
acts as an A/D converter thresholded at V bias2 . 

Shortly after this the PHI2 signal, a high row 

10 address signal on word line 52 is coupled to the gate 
of NMOS transistor 54 to read the state of the A/D 
converter 51. Since transistor 50 is off, the bit line 
22 will not be discharged to ground and thus will 
remain at a high level. An opposite result occurs when 

15 the capacitor CI voltage at node 1 is less than V bias2 . 

During this time, light is impinging upon photo- 
transistor 56 and thus controlling the conductivity of 
phototransistor 56. Hence, capacitor CI (acting as an 
integrator) will be discharged through phototransistor 

20 56 at a rate depending upon the magnitude of light 

incident upon phototransistor 56 (and depending upon 
the duty cycle of shutter transistor 29) . 

A feedback circuit 60 is connected between line 48 
and node 1 to recharge capacitor CI a fixed amount 

2 5 during the time that PHI1 is low but only after the A/D 
converter 51 detects that the capacitor CI voltage at 
node 1 is less than V bias2 . This fixed amount is 
determined by the magnitude of V biasI and the time that 
clock signal PHI1 is low during each PHI2 clock cycle. 

30 Fig. 3A illustrates the PHI2 pulse being generated 

every 0.001 seconds to latch the instantaneous state of 
the differential amplifier within the A/D converter 51 
for the remainder of the clock cycle. The clock signal 
PHI1 is driven low for a time between each of the PHI2 

35 clock pulses. 

The feedback circuit 60 operates as follows. The 
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A/D converter 51 output voltage on line 48 is applied 
to the gate of PMOS transistor 64, In the previous 
example, when node 1 exceeded V bias2 , the voltage level on 
line 48 was low and the bit line 22 remained at a high 
5 state. The low voltage on line 48 causes PMOS 
transistor 64 to turn on and thus causes NMOS 
transistors 65 and 66 (connected as current mirrors) to 
also be on, since the drain of transistor 64 is 
connected to the gates of transistors 65 and 66. The 

10 gate of PMOS transistor 68 is connected to V bias2/ and 
transistor 68 is connected to transistor 64 as a 
differential pair. The current supplied by PMOS 
transistors 69 and 70 through NMOS transistor 66 is 
mirrored by NMOS transistor 65. This current through 

15 transistor 65 is supplied by transistors 71 and 72. 

All current provided by transistors 71 and 72 is, thus, 
shunted to ground through transistor 65, and the 
feedback circuit 60 neither discharges nor charges 
capacitor CI during the time when PHI1 is low. Hence, 

20 capacitor CI will continue discharging through photo- 
transistor 56 at a rate depending upon the intensity of 
light impinging upon phototransistor 56. 

At the point where the voltage on node 1 becomes 
less than V bias2 and clock signal PHI2 is pulsed, the 

25 state of line 48 will change from low to high, causing 
NMOS transistor 50 to be turned on. During this cycle, 
when word line 52 is now energized to turn on 
transistor 54, the charged bit line 22 will now 
discharge through transistors 50 and 54 so that a zero 

30 bit is output from the pixel element 14. 

The high state on line 48 will cause transistor 64 
within the feedback circuit 60 to be off, and thus both 
transistors 65 and 66 will also be off. When clock 
signal PHI1 now goes low, current will flow through 

35 PMOS transistors 71 and 72 and charge capacitor CI 

during the period when PHI1 is low. Thus, depending 

-10- 
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upon the previous analog level of node 1, the increased 
voltage across capacitor CI due to its charging by 
feedback circuit 60 may be higher than V bias2 or may still 
be lower than V bifls2 . A more quickly discharging 
5 capacitor Cl, due to a high intensity of light 

impinging upon phototransistor 56, will cause node 1 to 
be lower than the threshold voltage V bias2 a majority of 
the time over multiple cycles of PHI2. If the light 
impinging upon phototransistor 56 is of a low 

10 intensity, then only a small current will be discharged 
through phototransistor 56, and node 1 will be higher 
than the threshold voltage V bias2 a majority of the time 
over multiple cycles of PHI2. Thus, the average of the 
binary outputs on bit line 22 over multiple cycles of 

15 PHI2 corresponds to the average analog input over that 
period. Filters 16 include a suitable low pass digital 
filter and well known processing circuitry for 
averaging out the stream of ones and zeros output by 
each pixel element 14 between reset signals and 

20 converting this average into a multi-bit value, such as 
an eight-bit value assuming 256 gray scale levels are 
to be distinguished. 

The more binary outputs of each pixel element 14 
read before a next reset signal, the better the SNR of 

25 the resulting eight-bit value representative of the 
light intensity level, since a greater number of 
samples are averaged together. 

Fig. 3B is an example of a bit stream output by a 
bit line 22 for a pixel element 14 given a certain 

30 intensity of light impinging upon phototransistor 56. 
In Fig. 3B, when the bit line 22 is at a high state 
(e.g., after times 0, 0.001, and 0.002), the voltage on 
node 1 exceeded V bias2 at the time of the PHI2 pulse. At 
those times when the bit line 22 is at a low state 

35 (e.g., after times 0.003, 0.005, and 0.007), the 

voltage at node 1 was less than V bias2 at the time of the 
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PHI2 pulse. 

The technique used to convert the analog signal 
output from the phototransistor 56 to a string of bits 
(shown in Fig, 3B) whose average roughly equals the 
5 average of the analog signal is generally known as 
Sigma-Delta modulation. A number of Sigma-Delta 
modulation and filtering techniques are described by 
J.C. Candy in the article "A Use of Double Integration 
in Sigma-Delta Modulation," IEEE Trans. Comm., 33(3) 

10 pages 249-258, March 1985, and described by W. Mandl 

et al. in the article "All Digital Monolithic Scanning 
Readout Based on Sigma-Delta Analog to Digital 
Conversion," SPIE Vol. 1684, pages 239-246, Infrared 
Readout Electronics 1992, both articles being 

15 incorporated herein by reference. 

The analog image data immediately converted into 
digital form by pixel element 14 by using Sigma-Delta 
modulation facilitates low power and high precision 
data conversion. The use of Sigma-Delta modulation 

20 also allows the data conversion circuitry to be simple 
and insensitive to process variations. The fact that 
information is communicated out of the array core 12 in 
digital form eliminates a need for external A/D 
conversion and limits potential SNR degradation of any 

25 analog signals. In an actual embodiment of an image 

sensor in accordance with this invention, the filter 16 
is implemented in software and is described in the 
above-named article by J.C. Candy. This filter could 
also be easily converted to hardware with the addition 

30 of simple digital circuitry to the chip's periphery and 
by using an external memory 24. 

In a preferred embodiment, phototransistor 56 is a 
vertical bipolar PNP transistor. The emitter is formed 
using source-drain P+ diffusion, the base is an N-well 

35 surrounding the emitter, and the collector is a 

P-substrate. The N-well is exposed to light, while the 
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rest of the circuitry is covered with a second layer of 
metal to reduce the chance of photon induced latch-up. 
The physical construction and operation of such bipolar 
phototransistors are described in the article "A Novel 
5 Bipolar Imaging Device With Self-Noise Reduction 

Capability," by N. Tanaka et al., IEEE Trans. Elec. 
Dev., 36(1), pages 31-38, January 1989, and the article 
"A Sensitive Electronic Photoreceptor," by C. Mead, 
1985 Chapel Hill Conference on VLSI, Chapel Hill, NC 

10 1985, both articles incorporated herein by reference. 

The number of bit planes to be output from each 
pixel element 14 per image frame to derive a single 
eight-bit digital value representative of a certain 
gray scale level is determined by the target SNR. The 

15 number of bit planes L needed to obtain a selected SNR 
is given by, 

SNR = (9 log 2 L - 5.2) dB Eq. (1) 

For example, to achieve an SNR of approximately 
22, eight bit planes would be needed. 

20 The A/D circuit 51 and feedback circuit 60 are 

clocked at a rate well above the image frame rate 
(e.g., 30 Hz), which is the Nyquist sampled data rate. 
The maximum SNR which has been measured so far has been 
61 dB, requiring over 163 bit planes per frame. 

25 The resulting image sensor can achieve a dynamic 

range potentially greater than 93 dB, given an SNR of 
approximately 3 3 dB and a dynamic range of the 
photocurrent of approximately 60 dB. 

The sensor's estimated total power of less than 1 

3 0 mW is significantly lower than that of other types of 
sensors given the same resolution and SNR. The static 
current of each pixel element 14 is approximately 10 
nA, and a dynamic current for the entire chip, assuming 
a maximum clock frequency of 256 KHz, is less than 100 

3 5 m A . 

Fig. 4 is a block diagram illustrating one 
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implementation of the chip 10 of Fig. 1. In this 
embodiment, the 64 bit lines 22 of the array core 12 
are connected to inputs of 64 sense amplifiers which, 
in this particular embodiment, are D latches 80. Thus, 
5 for each row addressed, the 64 sense amplifiers 80 will 
be set depending upon the levels of the bit lines 22, 
Since a 16-bit bus is used in the embodiment of 
Fig, 4, 4:1 multiplexers 82 are used to couple 16 bits 
at a time from the sense amplifiers 80 to the bus. 

10 After four cycles of the multiplexers 82, all 64 bits 
have now been transferred via the bus to the 
appropriate filters. Shift registers may also be used 
to transfer data from the sense amplifiers 80 to the 
filters. In this implementation, the filters are 

15 external to the chip 10. 

In one embodiment, data compression circuitry is 
also implemented on the chip 10 to reduce the bandwidth 
of data transferred from the chip 10 to external 
filters. It is desirable that such data compression of 

20 the digital signals be performed at the pixel element 
14 locations to simplify the data compression 
circuitry. For example, a previous bit value generated 
by a pixel element 14 may be temporarily stored in a 
register at the pixel location and substracted from a 

25 current bit value generated to create a difference 

value. Only non-zero difference values need then be 
output for detection outside the array core to convey 
the full image information. This greatly reduces the 
number of bits outputed from the core. Similarly, 

30 signals generated by neighboring pixel elements 14 may 
be substracted, and only difference signals may then be 
output from the core to avoid outputting identical 
image information from a number of neighboring pixels. 
Data compression may also be performed outside of the 

35 core. The resulting compressed data must then be 
decompressed prior to filtering the data. Such 
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compression may be required for reducing the output 
bandwidth of the sensor chip to communicate the digital 
image information over telephone lines. 

Any size two dimensional array (e.g., 1000 x 1000) 
5 may be created using the concepts of this invention. 
Additionally, any suitable A/D converters 51 may be 
used, if such A/D converters 51 are small enough to be 
located within the array core 12. 

While particular embodiments of the present 

10 invention have been shown and described, it will be 
obvious to those skilled in the art that changes in 
modifications may be made without departing from this 
invention in its broader aspects and, therefore, the 
appended claims are to encompass within their scope all 

15 such changes and modifications as fall within the true 
spirit and scope of this invention. 
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CLAIMS 

What is claimed is: 

1. An image sensor circuit comprising: 

a two dimensional array of photodetectors 
5 located within an image sensor core on an 

integrated circuit chip, each of said 
photodetectors having electrical characteristics 
which vary in response to light impinging upon 
said photodetectors; and 

10 a plurality of analog-to-digital (A/D) 

converters located within said image sensor core, 
each of said A/D converters being located in a 
separate pixel area containing one or more of said 
photodetectors, each of said converters being 

15 connected to said one or more of said 

photodetectors in said pixel area for converting 
an analog output of said one or more 
photodetectors to binary signals, an output of 
each pixel area in said image sensor core 

20 comprising said binary signals. 

2. The circuit of Claim 1 wherein each of said 
A/D converters comprises an A/D converter for 
converting said analog output of said one or more 

25 photodetectors to a string of binary bits to be output 
from said image sensor core. 

3. The circuit of Claim 2 further comprising a 
plurality of filters which receive strings of said 

30 binary bits output from said image sensor core and 

convert said strings of binary bits to digital values 
representative of a light intensity impinging upon 
respective photodetectors over a period of time. 

35 4. The circuit of Claim 1 wherein said A/D 

converters comprise Sigma-Delta modulators. 
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5. The circuit of Claim 1 wherein all of said 
A/D converters are clocked simultaneously to 
simultaneously output binary signals from said image 
sensor core. 

5 

6. The circuit of Claim 1 further comprising a 
row decoder, wherein said binary signals are output 
from said image sensor core by addressing rows of said 
A/D converters and causing an output of each A/D 

10 converter in an addressed row to be provided on a 
respective bit line in said image sensor core. 

7. The circuit of Claim 1 wherein each of said 
photodetectors is connected to a dedicated one of said 

15 A/D converters within said image sensor core. 

8. The circuit of Claim 1 wherein said array of 
photodetectors comprises an array greater than or equal 
to a 16x16 array. 

20 

9. The circuit of Claim 1 wherein said array of 
photodetectors comprises an array greater than or equal 
to a 64x64 array. 

25 10. The circuit of Claim 1 further comprising: 

a plurality of filters which receive strings 
of binary bits output from said A/D converters and 
convert said strings of binary bits to digital 
values representative of a light intensity 
3 0 impinging upon respective photodetectors over a 

period of time; 

a memory for storing said digital values 
generated by said filters; and 

a control circuit for transferring said 
35 digital values from said filters to storage 

locations within said memory and for transferring 
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said digital values from said memory to said 
filters for further processing by said filters as 
new data is being output from said image sensor 
core, said new data being processed by said 
5 filters to update said digital values which have 

been transferred from said memory to said filters, 
said control circuit then transferring updated 
digital values back to said memory. 

10 11- The circuit of Claim 1 further comprising 

data compression circuitry contained within said core 
for reducing a bandwidth of data output by each pixel 
area for detection outside of said core. 

15 12. The circuit of Claim 1 further comprising 

data compression circuitry contained outside of said 
core for reducing a bandwidth of data output from said 
integrated circuit chip. 

20 13. A method for generating electrical signals 

representing an optical image, said method comprising 
the steps of : 

generating an analog signal at each pixel 
location in a two dimensional image sensor core, 
25 said analog signal corresponding to a light 

intensity impinging on said each pixel location; 

converting said analog signal to digital 
signals at said each pixel location within said 
image sensor core such that said each pixel 
30 location within said image sensor core provides 

digital output signals representing a level of 
said analog signal; and 

processing said digital signals generated 
within said each pixel location to derive a single 
35 digital value associated with said each pixel 

location corresponding to said analog signal at 
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said each pixel location over a period of time. 

14, The method of Claim 13 wherein said step of 
converting said analog signal to digital signals 

5 comprises converting said analog signal to a string of 
binary bits, 

15, The method of Claim 14 wherein said step of 
converting said analog signal comprises performing 

10 multiple one-bit analog-to-digital (A/D) conversions of 
said analog signal over a period of time. 

16. The method of Claim 15 wherein an A/D 
converter is located within said each pixel location, 

15 and wherein all A/D converters within said image sensor 
core are clocked using a single clock source. 

17. The method of Claim 16 wherein said each 
pixel location includes one or more photodetectors . 



20 



18. The method of Claim 16 wherein said each 
pixel location includes one photodetector and one A/D 
converter. 
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